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Review

Nitric oxide formation in the metabolism of nitrates in the oral cavity

Ye. H. Romanenko*PFf L. V. Hryhorenko®®, M. P. Komskyi?*, P. L. Sribnyk®®,
0. 0. Sinkovskalt
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Medicine, Dnipro, Ukraine

A - research concept and design; B - collection and/or assembly of data; C - data analysis and interpretation; D - writing the article;

E - critical revision of the article; F - final approval of the article

Nowadays, nitric oxide is recognized as a regulator of important vascular and metabolic functions. Nitric oxide is formed in the en-
dothelium by converting essential amino acid L-arginine to L-citrulline with the participation of constitutional endothelial nitric
oxide synthase. In addition to endogenous pathway of formation, dietary nitrate contributes to the nitric oxide generation through
the successive stages (NO,-NO,-NO) mediated by salivary glands and bacteria of the oral cavity.

Purpose of the research — to demonstrate modern scientific data focused on a role of salivary glands and bacteria in nitrates
metabolism and maintenance of nitric oxide homeostasis.

Results of the studies show that in the oral cavity, there are synanthropic facultative anaerobic bacteria which possess nitrate
reductase enzymes and reduce nitrates to nitrites. In the acidic environment of the stomach, nitrites undergo non-enzymatic
disproportionation, followed by the formation of nitric oxide and other nitrogen compounds which are involved in the regulation
of important biological functions. Dietary nitrites and nitrates can be rapidly absorbed from the upper gastrointestinal tract into
the systemic bloodstream and serve as effective donors of nitric oxide in a case of physiological hypoxia. This mechanism
of nitric oxide formation is called “enterosalivary nitrate-nitrite-nitric oxide pathway”. The review presents a cardioprotective
effect of regular consumption of dietary nitrate-rich products. Diagnostic markers of nitric oxide metabolism in the oral fluid
are shown.

Conclusions. Based on the scientific data, it was concluded that dietary nitrate and bacteria of the oral cavity play a significant
role in the synthesis of NO by enzymatic conversion. Regular intake of dietary nitrate-rich products is able to provide a systemic
and local vasodilating effect through enterosalivary pathway and conversion of nitrite to nitric oxide.

YTBOpEHHSA OKCHAY a30Ty Npu MeTaboAi3Mi HiTpaTiB y NOpoXXHUHI poTa

0. I. PomaHeHKo, A. B. TpuropeHko, M. . Komcbkui, M. A. CpibHUK, O. O. CiHbKOoBCbKa

HwHi okcya a3oTy BUSHAHWIA PETYNSATOPOM BXKIMBIX CYOUHHUX | MeTaboniuHmx dyHKui. Okeua a3oTy yTBOPHETLCS B eHAOTENi
LUMSXOM NMepeTBOPEHHS He3aMiHHOT aMIHOKCNOTY L-apriHiHy B L-LMTPyniH 3@ y4acTio KOHCTUTYLINHOTO (hepMeHTY eHaoTenianbHoi
CUHTa3m okeway asoTy. KpiM eHaoreHHoro Wnsixy yTBOPEHHs, HITpaT B iXXi cnpusie reHepaLlii okcuay a3oTy Yepes nocnigoBHi etTanu
(NO,-NO,-NO), onocepeaxosaHi CriMHHIMI 3a5103aM1 Ta bakTepiaAMU NOPOXHUHN poTal.

MeTa po60oTu — nogati cyyacHi HaykoBi AaHi NPo Porib CIMHHMX 3ano3 | GakTepiit y MeTaboniami HiTparTis, NiATPUMLI romeocTasy
okcuay asoTy.

Pesynbratv gocnimkeHb cBigyatb, L0 B POTOBI MOPOXHWUHI € CUHAHTPOMHI hakynbTaTuBHi aHaepobHi bakTepii, ki BigHOB-
MIOKTb HITPaT O HITPUTIB 3@ LOMOMOTOK HiTpaTpeayumMpyBanbHUX epMeHTiB. Y KUCNOMY CepefoBWLLi LUAYHKA HITPUTK
nigfalTsCs MAMOBINBHOMY PO3KNaZaHHI0 3 AarbluM YTBOPEHHSM OKCWAY a3oTy Ta iHLWWX Cronyk asoTy, siki 6epyTb yyacTb
y perynsuii Baxnusux GionoriyHnx dyHKuiA. HiTpu Ta HiTpaTh, KOTPi He nighanucst posknadaHHIo, 3 KULLEYHMKA BCMOK-
TYIOTbCS B CUCTEMHUIA KPOBOTIK i B yMOBax (Di3ionoriyHoi rinokcii MoXyTb YTBOPIOBATM OKCWA, as30Ty. Liei Wwnsax yTBOpPEHHs
OKCWOY a30Ty HasuBaloTb «eHTepocanisapHolo uupkynauielo NO,». B ornaai nokasaHo kapaionpoTeKTOpHy fito perynspHoro
BXVMBaAHHS XapyiB i3 BENWKOK KINbKICTIO HiTpaTiB. HaBedeHi giarHoCTUYHI Mapkepn Metaboniamy oKkcuay asoTy B POTOBIi
pianHi.

BucHoBku. Ha nigcrasi aHaniay HaykoBux faHunx 3po6uny BUCHOBOK: HITPaTH, L0 HaAX0AsATb 3 eto, Ta GakTepii NOpPOXHUHN
poTa BigirpatoTb 3HayyLLly ponb B YTBOPEHHI OKCKay a30Ty (hepMEHTATUBHUM LUMSXOM. PerynspHe CrnoxvBaHHS XapuiB i3
BEMMKOIO KiMNbKICTIO HITPATIB 30aTHE BUSIBMATY CUCTEMHUWI | NOKamNbHUIA Ba30AUNATYBaNbHWA ehekT 3a OMOMOroK eHTepo-
caniBapHOi LMpKynsii Ta NnepeTBOPEHHs HITPUTIB B OKCKZ a30Ty.

O6pa3oBaHKe OKCHAA a30Ta NPU MeTaboAM3Me HUTPATOB B MOAOCTH pTa

E. T. PomaHeHKo, A. B. Tpuroperko, M. M. Komckui, M. A. CpubHuK, O. A. CUHbKOBCKas

B HacTosilLee Bpemsi OKCWA a3oTa Mpu3HaH PerynsTopoM BaKHbIX COCYAMUCTbIX W MeTabonuueckux dyHkumin. Okeug asoTa
obpasyeTcs B 9HOOTENUM NyTEM NPeobpasoBaHns HE3aMEHVMON aMUHOKUCIIOTI L-aprHiHa B L-LMTPYnMH Npy y4acTum KoH-
CTUTYLIMOHANBHOTO (pepMeHTa 3HOOTENNANBHON CUHTa3bl OKCKaa asoTa. MoMMMO 3HOOreHHOro Nyt 0bpa3oBaHNs, HUTpaT B
nuLLe crocoBCTBYET reHepaumn okcuga asota Yepes nocregoeatenbHsle atanbl (NO,-NO,-NO), onocpenoBaHHbie CriioHHbIMN
xeresamu, 6akTepusiM1 NonocTy pra.
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Lienb pa6otbl — npeacraBuTb COBPEMEHHbIE Hay4YHbI€ AaHHbBIE O PONK CITOHHbIX Xenes n 6a|<Tepvu7| B MeTabonname HUTPATOB,

noaaepXxaHuy romeocTtasa okcmaa asota.

Pesynbratbl viccrnenoBaHuii CBUAETENBCTBYHOT, YTO B POTOBOM MOMOCTY MPUCYTCTBYOT CUHAHTPOMHbIE (hakynbTaTVBHbIE aHaspObHbIe
GaKTepum, KOTOpble BOCCTaHABNMBAKT HATPATbI 4O HUTPUTOB NOCPELCTBOM HUTPATPEAYLIMPYOLLMX (hepMeHTOB. B kucnoli cpene
KENyaKa HUTPUTBI NOABEpPratoTCs CamMonpoOn3BOIbHOMY Pa3NOXEHUIO C MocreaytoLM o6pasoBaHMeM okcuaa asota U Apyrux
COEMHEHMIA a30Ta, KOTOPbIE YHaCTBYHOT B PEryMsLNM BaXHbIX Bronornieckux yHKUMIA. HUTPUTLI U HUTpaTbI, He NoABEpriMecs
Pa3NIOXEHNIO, U3 KMLLEYHIKA BCACHIBAIOTCS B CUCTEMHbII KDOBOTOK 1 B YCHOBMSIX (DU3MONOMAYECKON TUMOKCUM MOTYT 06pa3oBbl-
BaTb OKCIA a30Ta. [laHHbIN NyTh 06pasoBaHmMa OKC1aa a3oTa MMeeT HadBaHue «3HTepocannBapHas uapkynauna NO,». B obsope
MoKa3aHo KapaVonpOTEKTOPHOE AECTBUE PErymsipHOro ynoTpedbneHnst NpoayKToB NUTaHs C BOMbLUMM KONMMYECTBOM HATPATOB.
lMprBEAEHbI ANarHoCTUYECKVE MapKepbl MeETabonaMa okcuaa asota B POTOBOI JKWAKOCTH.

BbiBoAbI. Ha 0cHOBaHWM aHannsa Hay4HbIX faHHbIX CAenaH BbIBOZ, YTO HUTPaThl, MOCTYNaloLLMe C NULLEiA, 1 GakTepum no-
NOCTM pTa UrpatoT 3HAYNTENBHYH0 POflb B 06pa30BaHNi okcraa asota hepMeHTaTUBHLIM MyTeM. PerynspHoe notpebneHue
NPOLYKTOB NUTaHUsI C GONbLUMM KONIMYECTBOM HUTPATOB CMOCOBHO OKa3blBaTb CUCTEMHBIN 11 NOKabHbI BA30AUNSATUPYHOLLMIA
3dhekT NoCpPeaCTBOM SHTEPOCANMBAPHON LIMPKYNSILK 1 peobpa3oBaHist HUITPUTOB B OKCUZ a3oTa.

Nitric oxide (NO) is a simple free-radical gas considered as
a signaling molecule with numerous physiological functions
in humans. In the human organism, NO production through
the endogenous synthesis and exogenous nitrate conver-
sion is occurred by the activation nitrate-nitrite-reducing
complex. It had previously been thought that inorganic
anions of nitrates (NO,-) and nitrites (NO,-) were non-active
endproducts of endogenous NO metabolism, which was
NO synthases-regulated and derived from classic L-argi-
nine pathway. However, over the last decade, it has been
established that NO,-, NO,-anions disproportionation in
vivo is an aspect of additional NO formation as its source
in hypoxic conditions.

Irrespective of an origin, circulating NO,- for further NO
generation is actively absorbed in the salivary glands. Then
it is excreted into saliva, and oral commensal microorga-
nisms gradually reduce it to NO,-. This pathway has been
regarded as a meaningful metabolic conversion in human
organism. Enzymatic reduction of NO,- to NO,- by oral
microbiota is a new dimension in healthcare and diseases
development due to its essential role.

Sources of dietary nitrate intake:

1. Diet:

a) vegetable food products;

b) animal origin food.

2. Drinking water.

3. Medications.

Canned goods and fresh vegetables are the main
sources of nitrates for humans (40-80 % of the daily nitrates
intake). In bakery products and fruits, nitrates are found in
much smaller amounts and dairy products contain approx-
imately 1 % of nitrates (10-100 mg per liter) [1,2]. Thus,
ingested in food and water nitrates are further converted to
NO,- in the saliva representing a significant source of NO,-
exposure by endogenous transformation of NO,- to NO,-.

Drinking water contains approximately 200 mg/l of
nitrates from surface and ground water sources that is
much more than in water from artesian wells. Nitrates
contaminate groundwater with various chemical fertilizers
(NO,-, ammonium) from fields, with waste products from
chemical companies producing these fertilizers. The highest
level of nitrates is contained in groundwater that is in well
water, containing about 20 mg/l of nitrate. People living in
rural areas consume drinking water containing 20-80 mg/I
of nitrates [3].

Moreover, nitrates can be found in animal origin food.
Fish and meat products contain relatively small amounts of

nitrate, 5-25 mg/kg and 2-15 mg/kg, respectively. Cured
meats are other considerable sources of NO,- which de-
serve the attention. NO, — salts are used as food additives,
as a means of processed meats preservation for curing and
to enhance color and flavor (especially in cured meats).
NO,- content in raw fermented and boiled sausages is about
150 mg/kg and 50-60 mg/kg, respectively [4]. Despite a long
history of using, until recently, dietary inorganic nitrates were
thought to be harmful for human health being precursors in
the endogenous production of nitrosamines known for its
highly carcinogenic effect [5-7]. Changes in the methods
of meat processing lowered these possible risks and NO,-
remained in use for food technology. From that time, two
opposite directions influence consumers’ perceptions of
dietary NO,- and NO,-.

Ideas of nitrates physiological role have evolved since
an endogenous metabolic pathway, catalyzing the reduc-
tion of nitrate through NO,- to NO had been discovered. A
wide range of experimental and clinical studies has also
demonstrated positive results of dietary nitrates intake,
in particular with regard to cardiovascular and metabolic
health. Nutritional inorganic NO,- enters the enterosalivary
circulation followed by rapid absorption in the upper gastro-
intestinal tract thereby increasing NO,- plasma levels. This
NO.-is predominantly excreted into the urine; approximately
25 % is transported into the salivary glands raising salivary
content (6-10 mg/l of NO,- and 15-35 mg/| of NO,-) [8-13].

Non-dietary sources of nitrates include tobacco prod-
ucts. Some tobacco crops were found to contain up to 500
mg of NO,- per 100 g of dry matter [14].

Nitrate-reducing bacteria in the oral cavity. Enterosali-
vary circulation of dietary nitrates

For the global nitrogen cycle, oral bacteria metabolism
is essential as they use various redox reactions to metabo-
lize nitrogen for energy transduction, detoxification, or as-
similation. The most oxidized state of nitrogen is NO,- while
the most reduced its state is ammonia (NH,). NO.- is a very
stable molecule and, unlike microorganisms, mammalian
cells cannot effectively metabolize this anion requiring or-
ganic nitrogen compounds as a source of nitrogen, amino
acids and nucleic acids acquired from food for recycled
synthesis of new nitrogen compounds [10].

There are synanthropic facultative anaerobic bacteria
possessing nitrate reductase enzymes for NO,- to NO,-
reduction in the oral cavity [15]. In the acidic gastric envi-
ronment, NO,- undergo non-enzymatic disproportionation
followed by the formation of NO and other nitrogen com-
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pounds influencing the vital biological functions regulation.
From the upper gastrointestinal tract, dietary NO,- and
NO,- are quickly absorbed into the systemic bloodstream
and serve as powerful NO donors in different forms of
hypoxia. This mechanism of NO formation is identified as
“enterosalivary nitrate circulation” [16]. Based on the ex-
perimental studies, enterosalivary nitrate circulation is sup-
ported by the presence of symbiotic bacteria with abilities
to reduce NO,-, mainly Veillonella species, Actinomyces,
Rothia, Staphylococcus epidermidis and Propionibacterium.
According to the study results, the most prevalent among
NO,- reducers, located on the posterior third of the tongue
in healthy people, are bacteria such as Veillonella atypica
(34 %), Veillonella dispar (24 %), Actinomyces odontolyticus
(21 %) which demonstrate the maximum activity under
anaerobic conditions [17].

Later, scientists investigated several nitrate-reducing
bacteria in the oral cavity using a full metagenomic analysis.
They examined isolates of four species, studying that they
have substantive nitrate- and nitrite-reduction properties:

1. Actinomyces odontolyticus — microorganisms with
only nitrate-reductase encoding genes in genomes.

2. Veillonella dispar— microorganisms with both nitrate-
and nitrite-reductase encoding genes.

3. Fusobacterium nucleatum — microorganisms with
only genes encoding nitrite-reductase.

4. Streptococcus mutans — microorganisms with only
nitrite-reductase encoding genes.

The researchers grew strains separately and then
four strains in association. The study results showed that
effective NO,- reducers were both A. odontolyticus and V.
dispar, as evidenced by 80 % reduction of medium NO,-. S.
mutans and F. nucleatum, in contrast, did not show the same
nitrate-reducing properties, while hardly detectable NO,-
levels remained in the media. V. dispar reduced NO,- not
as actively as S. mutans or F. nucleatu. Four species in
association demonstrated a high capability to reduce both
NO,-and NO,-, as evidenced by low NO,- and undetectable
amount of NO,- in the medium [18,19].

Earlier experimental studies reported about an an-
tibactericidal effect of salivary NO,- on oral pathogens
including Streptococcus mutans, Lactobacillus acidophilus,
Porphyromonas gingivalis, Capnocytophaga gingivalis, Fu-
sobacterium nucleatum, Candida albicans at concentrations
from 0.5 to 10 mmol/L and acidic pH. Herewith, the same
concentrations of NO,- at low values of pH did not exhibit
an inhibitory effect on any these pathogens growth [20].
The results are at odds with each other, although confirm
the presence of NO-dependent antibacterial mechanisms
[21], because active NO generation is possible at acidic pH
via reaction of chemical denitrification not involving bacteria.
Dietary NO,- and NO,- in saliva, mostly from vegetables
and fruits, might have antibacterial effects against the ge-
nus Desulfovibrio, which is regarded as an etiologic agent
associated with chronic periodontitis [22].

Interesting experimental findings were obtained after
anaerobic incubation of saliva containing a bacterial mixture
with glucose and NO,-/NO,- presence. The values of pH
at such conditions were higher suggesting that NO,- and
NO,- enhancement contributed to acid scavenging, acid
fermentation inhibition and promotion of alkali production
resulting in lowering the oral fluid acidity [23].
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Nitrate and nitrite metabolism in the oral cavity under
the influence of bacterial enzymes and chemical reduction

Various bacteria encode specific enzymes, which cat-
alyze transformations of each nitrogen compound. These
microbe-induced transformations are vital important as they
are crucial in nitrogen bioavailability maintaining. Microbial
pathways start with NO,- reduction, denitrification and re-
duction to NH, [24,25].

Some stages of this cycle are also typical for mammals,
and oral cavity microorganisms have an equal importance.
A peculiar range of bacterial nitrate reductase enzymes is
included in the metabolic cascade “NO,- NO,- NH,” when
NO,- serves as the only source of nitrogen [26]. Some oral
bacteria contain urease yielding alkaline NH, products via
urea hydrolysis. Hence, bacterial nitrate reductase is not
active in this case. The process of NO,- ammonification is
known to be a strictly anaerobic. It occurs only in the depth
of bacterial biofilm at a high viscosity of saliva and hypos-
alivation.

The oral fluid acid-base abnormalities are significant
in the pathogenesis of periodontal diseases [27]. In most
cases in gingivitis, the oral fluid has a weakly alkaline char-
acteristic due to high content of urea and NH,. It contributes
to supragingival and subgingival calculus deposition. In
the oral cavity, bacterial urease system is an alkali-gener-
ating mechanism that breaks down urea to NH, and carbon
dioxide. This reaction partially neutralizes an acid-forming
effect caused by glycolytic enzymes. NH, is assimilated into
variety of nitrogenous compounds used by oral microorgan-
isms in the process of vital activity. Microbial imbalance in
the oral cavity pathology may occur with a predominance
of urease-positive or glycolytic bacteria resulting in pH
fluctuations in oral environment.

Most oral microorganisms are capable of complete
NO,- dissimilatory reduction to ammonium. This reaction
is known to be completely anaerobic that is preferable to
denitrification at anaerobic conditions. At peak ammonium
concentrations in the oral fluid, heterotrophic denitrification
by oral facultative anaerobic bacteria using NO,- to respire
organic matter is possible. Denitrification is the process of
bacterial reductive respiration using NO,- or NO,- to NO
under hypoxic conditions [28,29].

The first stage of denitrification involves enzyme
nitrate reductase. Activity of nitrate reductase depends
on the temperature and pH. A peak of nitrate reductase
activity is registered at a temperature of 35-40 °C, further
temperature increase causes inactivation of the enzyme.
The enzyme is active in weakly acidic and neutral pH of
the fasting oral fluid. Enzyme nitrite reductase completes
the denitrification reaction promoting NO formation from oral
fluid NO,-. The enzyme is the most active at a temperature
of 3040 °C and weakly alkaline pH, its activity decreases
at neutral or acidic pH.

Acidic conditions have been shown to favor non-enzy-
matic synthesis of NO by such a mechanism of chemical
denitrification:

2NO, +2H+ - 2HNO,

2 HNO,—N20,+H,0

N,0, —NO +NO,

The activity of NO synthesis depends on the oral cavity
status, inflammatory processes presence, oral fluid acidity
and concomitant acid-associated diseases of the upper
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digestive tract including chronic gastritis, duodenitis, gas-
troesophageal reflux disease.

A high-nitrate diet effects

Regular consumption of nitrate-rich food could have
cardioprotective effects via enterosalivar circulation and
NO,- conversion to NO. Intake of nitrate-rich vegetables and
fruits reduces both blood pressure and risk of adverse car-
diovascular events. Some vegetables contain considerable
amounts of NO,- serving as a source of vasoprotective NO
[30]. Previously, it has been shown that NO bioavailability
was quite important for regulation of ischemic-induced an-
giogenesis and, in ischemic tissues, inorganic NO,- could
also generate NO [31, 32]. In the course of a high nitrate
diet, salivary and plasma NO,- and NO,- levels can be
significantly increased. However, this effect was no lasting
because elevated levels of NO,- and NO,- returned to
baseline indicators in a week after cessation of high nitrate
diet. There are data in the literature that newborn infants,
in comparison to adult persons, ingest substantially lower
amounts of NO,- and NO,- per kilogram of body weight
accounting for approximately only 5 % and 0.6 % of the NO,-
and NO,- intake in adults, irrespectively of whether they are
natural breastfeeding, artificial or parenteral feeding [33].
Moreover, although Veillonella and Actinomyces spp. are
present in the oral cavity of infants, their nitrate reductase
activity is significantly lower [28]. Herewith, NO,- and NO,-
are effective in supporting glycoproteins secretion and
the gastrointestinal mucosal barrier integrity, suggesting
that in the development of infant diseases, such as nec-
rotizing enterocolitis and others, physiological decrease in
concentration of these compounds might play an etiological
role. Taking into account the importance of NO,- NO,-NO
axis in adults, infant vulnerability to a hypoxic stress and
gastrointestinal tract pathology may also be associated with
low activity of nitrate-reducing bacteria.

It has been established that oral bacteria favorably
influence the cardiovascular system activity, modulating
the level of blood pressure and supporting NO homeostasis
through NO,- reduction [34]. Firstly, it was shown that twice
daily use of an oral antiseptic combined with a low-calorie
diet for seven days in healthy volunteers may attenuate
the dietary nitrates bioactivity as salivary and plasma NO,-
were reduced by ~25 % and ~90 %, respectively [35], but
the levels of blood pressure and NO,- were increased in
comparison to baseline. It demonstrated a correlation be-
tween blood pressure level and nitrate-reducing bacteria
effect. Secondly, excessive use of antiseptic mouthwash-
es exhibited effect to significantly reduce the circulating
NO,- level suppressing a gastroprotective effect of NO in
the stomach. At the same time, salivary NO,-, converted to
NO in the acidic gastric lumen, increased mucosa thickness
and improved the stomach blood supply [36].

The most toxic compound among reactive forms of ni-
trogen oxides is peroxynitrite (ONOO-), which has a regula-
tory and cytoprotective effect in the physiological conditions.
ONQOO- is the product of the diffusion-controlled reaction
of NO and superoxide radicals (O,’). ONOO" reacting with
thiols at the physiological pH value in cells and tissues pro-
duces about 1-2 % of S-nitrosothiols (RSNO). There is local
intracellular formation of RSNO which is strongly influenced
by the bioavailability of thiols, in particular glutathione and
cysteine, in acidic pH.

Saliva contains both substrates (NO,- and thiol groups)
needed for S-nitrosothiol formation in the acidic environment
of stomach [37]. NO,-derived NO could partly be transpor-
ted through the mucosa in the form of S-nitrosothiols which
can function as stable NO carriers, thereby increasing its
half-life and allowing for more lasting effects. As it can be
seen from the experimental data, antihypertensive effects
of oral NO,- or NO,- can be potentiated by gastric S-ni-
trosothiol formation. This fact has significant implications,
especially for patients taking proton pump inhibitors as their
administration attenuates the antihypertensive effects of
these anions [38].

Level of nitrates and nitrites in biofluids as a biomarker
of dental pathology

Ithas been proved that salivary levels of NO,- and NO,-
were biomarkers for the early diagnosis of drug-induced
gingival overgrowth, which is a side effect of various drugs
including anticonvulsants, in particular phenytoin [39].

The comparative analysis of saliva and gingival crevi-
cular fluid assessment in healthy subjects and periodontitis
patients indicated that levels of NO,-, NO,- and NO were
much lower in gingival crevicular fluid as compared to sali-
va. Also, the salivary NO increased in the order of healthy
subjects, gingivitis, reaching the maximum in periodontitis
patients, whereas healthy individuals presented the highest
NO level in gingival crevicular fluid. In the authors’ opinion,
periodontal tissues destruction might be largely driven by
NO, therefore, a greater diagnostic value of saliva compared
to gingival crevicular fluid was emphasized [39]. However,
gingival crevicular fluid seemed to be more diagnostically
useful for gingivitis in comparison with saliva according to
other study results, which also suggested that NO,-, rather
than NO,-, concentration in gingival crevicular fluid could
be used as an early marker for diagnosis of periodontal
inflammation [40,41].

The analysis of salivary NO concentration and its
metabolites in subjects with healthy teeth and in those with
cariogenic status of the oral cavity showed that NO level
was significantly higher in healthy subjects compared to that
found in the group of patients with caries [42]. This situation
suggests that increasing NO synthesis could contribute to
the decreasing incidence of caries in the population. Con-
versely, some scientists observed that neither salivary NO
concentration nor NO rate correlated with the dental state
of a person [43].

Romanenko Ye. G. [44] has shown that children with
gingival inflammation had increased salivary content of
stable NO metabolites due to a low activity of NO,~ NO,-
reductase complex. At the same time, in a group of children
with gastroesophageal reflux, the content of stable NO
metabolites was significantly higher than that in the group
of healthy children, despite a high activity of both enzymatic
and non-enzymatic NO,- and NO,- reduction.

An increased salivary level of NO metabolites not only
reflects a presence of inflammatory reaction, but also plays
a protective role for the mucous membrane against action of
hydrogen ions through enhancement of NO-induced mucus
generation, vasodilatation and blood supply [36].

Unlike saliva, dental plaque is considered to be a key
factor of a cariogenic status. It was shown that microorga-
nisms of dental plaque are essential element of NO,-de-
pendent NO synthesis in the human body.
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Studying the dental plaque Streptococcus mutans, NO
levels and plaque pH in children of different ages, scientists
found a statistically significant relationship between these in-
dicators and dental caries degree in all age groups. A strong
positive significant correlation between dental plaque NO
levels and DMFT index, that describes the amount of dental
caries in a person and is obtained by calculating the number
of decayed (D), missing (M) and filled (F) teeth (T), were
revealed. It allows using NO estimation as screening tool
to predict the risk of dental caries [45].

A number of authors also studied NO as an inflamma-
tory biomarker in chronic and aggressive periodontitis and
revealed a direct positive correlation between the salivary
and the serum NO levels [46]. An increase in salivary NO
levels was observed in patients with chronic periodon-
titis. The highest NO levels were detected in smokers,
showing an increased oxidative load on the periodontal
tissue [20].

Conclusions

1. Thus, dietary nitrate and bacteria of the oral cavity play
a significant role in the synthesis of NO by enzymatic con-
version. Regular intake of dietary nitrate-rich products is able
to provide a systemic and local vasodilating effect through
enterosalivary pathway and conversion of NO,- to NO.

2. Salivary levels of NO,- and NO,- could be biomar-
kers for the early diagnosis of upper gastrointestinal tract
diseases.

Prospects for further research. Further studies
should be focused on mechanisms of bacterial denitrifica-
tion in the oral cavity, nitrates absorption and excretion in
the salivary glands as well as the development of acidified
inorganic nitrate-containing medications for mouth rinsing
in oral cavity and upper gastrointestinal tract diseases.
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